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[57] ABSTRACT 

A process for preparing substituted aromatic azo compounds 
is provided which comprises contacting a nucleophilic com- 
pound and an azo containing compound in the presence of 
a suitable solvent system, and reacting the nucleophilic 
compound and the azo containing compound in the presence 
of a suitable base and a controlled amount of parotic material 
at a temperature of about 10° C. to about 150° C. in a 
confined reaction zone wherein the molar ratio of protic 
material to base is 0:1 to about 5:1. In another embodiment, 
the substituted aromatic azo compounds are further reacted 
with a nucleophilic compound in the presence of a suitable 
solvent system, a suitable base and a controlled amount of 
protic material at a temperature of about 70° C to about 
200° C. in a confined reaction zone wherein the molar ratio 
of protic material to base is 0:1 to about 5:1 to produce a 
substituted aromatic amine. In another embodiment, a pro- 
cess for preparing substituted aromatic amines is provided 
which comprises contacting a nucleophilic compound and a 
substituted aromatic azo compound in the presence of a 
suitable solvent system, and reacting the nucleophilic com- 
pound and the substituted aromatic azo compound in the 
presence of a suitable base and a controlled amount of protic 
material at a temperature of about 70° C. to about 200° C. 
in a confined reaction zone wherein the molar ratio of protic 
material to base is 0:1 to about 5:1. In another embodiment, 
the substituted aromatic amines of the invention are reduc- 
tively alkylated to produce alkylated diamines or substituted 
derivatives thereof. 

33 Claims, No Drawings 
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PROCESS FOR PREPARING SUBSTITUTED 
AROMATIC AMINES 

This application is a divisional of U.S. Ser. No. 08/038, 
047 filed Apr. 6, 1993, now U.S. Pat No. 5,552,531, which 
is a continuation-in-part of U.S. Ser. No. 07/887,060 filed 
May 22, 1992, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to the production of substituted 
aromatic azo compounds. In one aspect, this invention 
relates to the production of substituted aromatic amines. In 
another aspect, this invention relates to the production of 
4-aminc<uphenylamine (4-ADPA) or substituted derivatives 
thereof. In another aspect this invention relates to the 
preparation of alkylated p-phenylenediamines or substituted 
derivatives thereof useful as antioxidants from the substi- 
tuted aromatic amines, such as 4-ADPA or substituted 
derivatives thereof. 

It is known to prepare substituted aromatic amines by way 
of a nucleophilic aromatic substitution mechanism wherein 
an amino functional nucleophile replaces halide. For 
example, it is known to prepare 4-ADPA by way of a 
nucleophilic aromatic substitution mechanism, wherein an 
aniline derivative replaces halide. This method involves 
preparation of a 4-ADPA intermediate, namely 
4-nitrodiphenylamine (4-NDPA) followed by reduction of 
the nitro moiety. The 4-NDPA is prepared by reacting 
p-chloronitrobenzene with an aniline derivative, such as 
formanflide or an alkali metal salt thereof, in the presence of 
an acid acceptor or neutralizing agent such as potassium 
carbonate, and, optionally, utilizing a catalyst See, for 
example, U.S. Pat. No. 4,187248; U.S. Pat No. 4,683332; 
U.S. Pat. No. 4,155,936; U.S. Pat. No. 4,670.595; U.S. Pat 
No. 4,122,118; U.S. Pat No. 4,614,817; U.S. Pat No. 
4209,463; U.S. Pat No. 4,196,146; U.S. Pat No. 4,187249; 
U.S. Pat No. 4,140,716. This method is disadvantageous in 
that the halide that is displaced is corrosive to the reactors 
and appears in the waste stream and must therefore be 
disposed of at considerable expense. Furthermore, use of an 
aniline derivative such as formanilide. and use of p-chloro- 
nitrobenzene, requires additional manufacturing equipment 
and capabilities to produce such starting materials from 
aniline and nitrobenzene, respectively. 

It is also known to prepare 4-ADPA from the head-to-tail 
coupling of aniline. See, for example, G.B. 1,440,767 and 
U.S. Pat No. 4,760,186. This method is disadvantageous in 
that the yield of 4-ADPA is not acceptable for a commercial 
process. It is also known to decarboxylate a urethane to 
produce 4-NDPA. See U.S. Pat. No. 3,847,990. However, 
such method is not commercially practical in terms of cost 
and yield. 

It is known to prepare 4-ADPA by hydrogenating 
p-nitrosomphenymydroxylamine which can be prepared by 
catalytic dimerization of nitrosobenzene utilizing, as a 
reducing agent, aliphatic compounds, benzene, naphthalene 
or ethylenically unsaturated compounds. See, for example, 
U.S. Pat Nos. 4,178315 and 4,404,401. It is also known to 
prepare p-nitrosodiphenylamine from diphenylamine and an 
alkyl nitrate in the presence of excess hydrogen chloride. 
See, for example, U.S. Pat. Nos. 4,518,803 and 4,479,008. 

Aromatic amide bonds are currently formed by the reac- 
tion of an amine with an acid chloride. This method of 
forming aromatic amide bonds is also disadvantageous in 
that chloride is displaced which is corrosive to the reactors, 
and appears in the waste stream from which it must be 
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removed at considerable expense. A nonhalide process 
which produces aromatic amide bonds in the substituted 
aromatic amines would eliminate these problems. 
The process of the invention is a nonhalide process for 

5 preparing substituted aromatic azo compounds and substi- 
tuted aromatic amines and therefore eliminates the expen- 
sive halide removal from the waste stream as well as 
corrosion problems caused by the halide. In addition, sub- 
stituted aromatic azo compounds and substituted aromatic 

io amines containing aromatic amide bonds can be prepared by 
the process of the invention. Furthennore, the process of the 
invention is more economical than current commercial 
routes and is simpler in mat in one embodiment, substituted 
aromatic amines, such as 4-ADPA or substituted derivatives 

15 thereof, are produced directly without the need of a separate 
reduction step. 

SUMMARY OF THE INVENTION 

B is an object of the invention to provide a process for 

20 producing substituted aromatic azo compounds for use in 
preparing substituted aromatic amines. It is a further object 
of the invention to provide a process for producing substi- 
tuted aromatic amines for use in preparing alkylated 
p-phenylenediamines or substituted derivatives thereof. It is 

25 a still further object of the invention to provide a process for 
producing 4-ADPA or substituted derivatives thereof for use 
in preparing alkylated p-phenylenediamines or substituted 
derivatives thereof. It is a further object of the invention to 
provide an efficient and economic process to produce 

30 4-ADPA or substituted derivatives thereof and alkylated 
p-phenylenediamines that is commercially viable. It is a still 
further object of the invention to provide a process for 
producing alkylated p-phenylenediamines or substituted 
derivatives thereof for use as antioxidants and antiozonants. 

35 According to the invention, a process for preparing sub- 
stituted aromatic azo compounds is provided which com- 
prises contacting a nucleophilic compound selected from the 
group consisting of aniline, substituted aniline derivatives, 
aliphatic amines, substituted aliphatic amine derivatives and 

40 amides with an azo containing compound represented by the 
formula X — R x — N=N — R 2 — Y or azoxy or hydrazo 
derivatives thereof in the presence of a suitable solvent 
system, and reacting the nucleophilic compound and a 
compound represented by the formula X — Rj — N=N — 

45 R 2 — Y or azoxy or hydrazo derivatives thereof in the 
presence of a suitable base and a controlled amount of protic 
material at a reaction temperature of about 10° C. to about 
150° C. in a confined reaction zone, wherein the molar ratio 
of protic material to base is 0:1 to about 5:1, wherein R, is 

50 an aromatic group and R 2 is selected from the group 
consisting of aliphatic and aromatic groups, and X and Y are 
independently selected from the group consisting of 
hydrogen, halides, — N0 2 , — NH 2 , aryl groups, alkyl 
groups, alkoxy groups, sulfonate groups, — S0 3 H, — OH, 

55 — COH. — COOH, and alkyl, aryl, arylalkyl or alkylaryl 
groups containing at least one — NH 2 group. When Itj is an 
aliphatic group, X is in the meta or ortho position on R^ 
When R 2 is an aromatic group, at least one of X and. Y is 
in the meta or ortho position on R x and R 2? respectively. 

60 Halides are selected from the group consisting of chloride, 
bromide and fluoride. Sulfonate groups, as used herein, are 
the esters of sulfonic acids. Examples of sulfonates include, 
but are not limited to, alkyl sulfonates, aralkyl sulfonates, 
aryl sulfonates, and the like. In one embodiment, the sub- 

65 stituted aromatic azo compound is further reacted with a 
nucleophilic compound independently selected from the 
group consisting of aniline, substituted aniline derivatives, 
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aliphatic amines, substituted aliphatic amine derivatives and 
amides in the presence of a suitable solvent system, a 
suitable base and a controlled amount of protic material at a 
reaction temperature of about 70° G to about 200° C in a 
confined reaction zone, wherein the molar ratio of protic 
material to base is 0:1 to about 5:1. 

In one embodiment, a process for preparing 
4-ammomphenylainine or substituted derivatives thereof is 
provided which comprises contacting aniline or substituted 
aniline derivatives and azobenzene or substituted azoben- 
zene derivatives or azoxy or hydrazo derivatives thereof in 
the presence of a suitable solvent system, and reacting the 
aniline or substituted aniline derivatives and azobenzene or 
substituted azobenzene derivatives in the presence of a 



rated aromatic azo compounds of (I), (H), and (IH) also 
includes azoxy or hydrazo derivatives thereof. 

Farther according to the invention, a process for preparing 
alkylated p-phenylenediamines or substituted derivatives 
5 thereof is provided which comprises reductively alkylating 
the substituted aromatic amines prepared according to the 
invention. 

Further according to the invention, a process for preparing 
substituted aromatic amines is provided which comprises 
10 reacting the substituted aromatic amine, prepared by react- 
ing amide and an azo containing compound to produce a 
substituted aromatic azo compound foUowed by reacting the 
substituted aromatic azo compound with a nucleophilic 



compound, with ammonia under conditions which produce 
suitable base and a controlled amount of protic material at a 15 me corresponding substituted aromatic amine and an amide. 

suitable reaction temperature of about 10° C. to about 150° 

G in a confined reaction zone wherein the molar ratio of DETAILED DESCRIPTION OF THE 

protic material to base is 0:1 to about 5:1, and further INVENTION 



reacting with aniline or substituted aniline derivative in the 



This invention relates to a process for preparing substi- 



presence of a suitable solvent system, a suitable base and a 20 M ^ c ^ comprisin * 

controlled amount of probe material at a reaction tempera- 



ture of about 70° C. to about 200° G in a confined reaction 
zone, wherein the molar ratio of protic material to base is 0: 1 
to about 5:1. 

Further according to the invention, a process for preparing 
substituted aromatic amines is provided which comprises 
contacting a nucleophilic compound selected from the group 
consisting of aniline, substituted aniline derivatives, ali- 
phatic amines, substituted aliphatic amine derivatives and 
amides with a substituted aromatic azo compound in the 
presence of a suitable solvent system, and reacting the 
nucleophilic compound and the substituted aromatic azo 
compound or azoxy or hydrazo derivatives thereof in the 
presence of a suitable base and a controlled amount of protic 
material at a reaction temperature of about 70° C. to about 
200° C, wherein the molar ratio of protic material to base is 
0:1 to about 5:1, wherein the substituted aromatic azo 
compound is selected from the group consisting of com- 
pounds represented by the formula 



25 



30 



35 



40 



(R— NH-)-Ri— N=N— R 2 , 
X Y 

compounds represented by the formula 

(R-NH-)-Ri-N=N-R 2 -eNH-RX 
X Y 

compounds represented by the formula 

X—Ri— N=N— R 2 -eNH— R), 
Y 



(0 



45 



(H) 



50 



(m) 



and mixtures thereof, wherein R — NH — represents a sub- 
stituent derived from a compound selected from the group 55 
consisting of aniline, substituted aniline derivatives, ali- 
phatic amines, substituted aliphatic amine derivative and 
amides, R 1 is an aromatic group, Itj is selected from the 
group consisting of aliphatic and aromatic groups, and X and 
Y are independently selected from the group consisting of 60 
hydrogen, halides, — N0 2 , — NH 2 , aryl groups, alkyl 
groups, alkoxy groups, sulfonate groups, — S0 3 H, — OH, 
— COH, — COOH, and alkyl, aryl, arylalkyl or alkylaryl 
groups containing at least one — NH 2 group, wherein 
halides are selected from the group consisting of chlorine, 65 
hromine and fluorine and R2 is an aromatic group in sub- 
stituted aromatic azo compounds (II) and (HI). The substi- 



(a) contacting a nucleophilic compound selected from the 
group consisting of aniline, substituted aniline 
derivatives, aliphatic amines, substituted aliphatic 
amine derivatives and amides and an azo containing 
compound represented by the formula X — R t — 
N=N — R2 — Y or azoxy or hydrazo derivatives thereof 
in the presence of a suitable solvent system, and 

(b) reacting a nucleophilic compound selected from the 
group consisting of aniline, substituted aniline 
derivatives, aliphatic amines, substituted aliphatic 
amine derivatives and amides and an azo containing 
compound represented by the formula X — R x — 
N=N — R 2 — Y or azoxy or hydrazo derivatives thereof 
in the presence of a suitable base and a controlled 
amount of protic material at a reaction temperature of 
about 10° C. to about 150° C. in a confined reaction 
zone, wherein the molar ratio of protic material to base 
is 0: 1 to about 5:1, wherein R t is an aromatic group, Rj 
is selected from the group consisting of aliphatic and 
aromatic groups, and X and Y are independently 
selected from the group consisting of hydrogen, 
halides, — N0 2 , — NH 2 , aryl groups, alkyl groups, 
alkoxy groups, sulfonate groups, — S0 3 H, —OH, 
— COH, — COOH, and alkyl, aryl, arylalkyl or alky- 
laryl groups containing at least one — NH 2 group, 
wherein if R 2 is aliphatic, X is in the meta or ortho 
position on R u and if R 2 is aromatic, at least one of X 
and Y is in the meta or ortho position on Rj and R^, 
respectively, and wherein halides are selected from the 
group consisting of chloride, bromide and fluoride. 

For producing substituted aromatic amines, the process of 
the invention further comprises: 

(c) reacting the substituted aromatic azo compound with 
a nucleophilic compound independently selected from 
the group consisting of aniline, substituted aniline 
derivatives, aliphatic amines, substituted aliphatic 
amine derivatives and amides in the presence of a 
suitable solvent system, a suitable base and a controlled 
amount of protic material at a reaction temperature of 
about 70° C. to about 200° C. in a confined reaction 
zone, wherein the molar ratio of protic material to base 
is 0:1 to about 5:1. Independently selected nucleophilic 
compound is used herein to mean that the nucleophilic 
compound can be the same or different from the nucleo- 
philic compound used in the reaction of the nucleo- 
philic compound with the azo containing compound 
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For producing alkylated p-phenylenediamines or substi- 
tuted derivatives thereof, the process of the invention further 
comprises: 

(d) reductively alkylating the substituted aromatic amines. 

For producing substituted aromatic amines when the 5 
nucleophilic compound is an amide, the process of the 
invention further comprises: 

(c') reacting the substituted aromatic amine with ammonia 
under conditions which produce the corresponding i 0 
substituted aromatic amine and amide. 

In one embodiment, this invention relates to a process for 
preparing 4-ADPA or substituted derivatives thereof com- 
prising: 

(a) contacting aniline or substituted aniline derivatives 15 
and azobenzene or substituted azobenzene derivatives 
or azoxy or hydrazo derivatives thereof in the presence 
of a suitable solvent system, and 

(b) reacting the aniline or substituted aniline derivatives 
and azobenzene or substituted azobenzene derivatives 
or azoxy or hydrazo derivatives thereof in the presence 
of a suitable base and a controlled amount of protic 
material at a reaction temperature of about 10° C. to 
about 150° C in a confined reaction zone wherein the 
molar ratio of protic material to base is 0: 1 to about 5: 1, 
and 

(c) reacting the product of (b) with aniline or substituted 
aniline derivatives in the presence of a suitable solvent 
system, a suitable base and a controlled amount of 
protic material at a reaction temperature of about 70° C. 
to about 200° C. in a confined reaction zone, wherein 
the molar ratio of protic material to base is 0:1 to about 
5:1. 

For producing alkylated p-phenylenediamines or substi- 
tuted derivative thereof, the process of the invention further 
comprises: 

(d) reductively alkylating the 4-ADPA or substituted 
derivatives thereof. 

This invention further relates to a process for preparing 
substituted aromatic amines comprising: 

(a) contacting a nucleophilic compound selected from the 
group consisting of aniline, substituted aniline 
derivatives, aliphatic amines, substituted aliphatic 
amine derivatives and amides and a substituted aro- 
matic azo compound or azoxy or hydrazo derivatives 
thereof in the presence of a suitable solvent system, and 

(b) reacting the nucleophilic compound and the substi- 
tuted aromatic azo compound or azoxy or hydrazo 
derivatives thereof in the presence of a suitable base 
and a controlled amount of protic material at a reaction 
temperature of about 70° C. to about 200° C. wherein 
the molar ratio of protic material to base is 0: 1 to about 
5:1. wherein the substituted aromatic azo compound is 
selected from the group consisting of compounds rep- 
resented by the formula 



20 



25 



30 



35 



40 



45 



compounds represented by the formula 

X-R| -N=N-R 2 -eNH-RX 
Y 

and mixtures thereof, 



(HI) 



X Y 

compounds represented by the formula 



(R— NH^-Ri— N=N— R 2 -eNH- 
X Y 



0) 



0D 



wherein R — NH — represents a substituent derived 
from a compound selected from the group consisting of 
aniline, substituted aniline derivatives, aliphatic 
amines, substituted aliphatic amine derivatives and 
amides, Rj is an aromatic group, Rj is selected from the 
group consisting of aliphatic and aromatic groups, and 
X and Y are independently selected from the group 
consisting of hydrogen, halides, — N0 2 , — NH 2 , aryl 
groups, alkyl groups, alkoxy groups, sulfonate groups, 
— S0 3 H, —OH, — COH, — COOH, and alkyl, aryl, 
arylalkyl or alkylaryl groups containing at least one 
— NH 2 group, wherein halides are selected from the 
group consisting of chlorine, bromine and fluorine and 
R2 is an aromatic group in substituted aromatic azo 
compounds (H) and (IH). 
For producing alkylated p-phenylenediamines or substi- 
tuted derivatives thereof, the process of the invention further 
comprises: 

(c) reductively alkylating the substituted aromatic amines. 
For producing substituted aromatic amines when the 
nucleophilic compound is an amide, the process of the 
invention further comprises: 
(c*) reacting the substituted aromatic amine with ammonia 
under conditions which produce the corresponding 
substituted aromatic amine and amide. 
In one embodiment, the substituted aromatic azo com- 
pound is prepared by reacting 4-nitrosodiphenylamine with 
an aromatic primary amine or an aliphatic primary amine. 

In the preparation of substituted aromatic azo compounds, 
the molar ratio of a nucleophilic compound selected from 
the group consisting of aniline, substituted aniline 
derivatives, aliphatic amines, substituted aliphatic amine 
derivatives and amides to X — Rj — N=N — R 2 — Y or azoxy 
or hydrazo derivatives thereof can vary from a large excess 
of X — R A — N=N — R2 — Y or azoxy or hydrazo derivatives 
thereof to a large excess of a nucleophilic compound 
selected from the group consisting of aniline, substituted 
aniline derivatives, aliphatic amines, substituted aliphatic 
amine derivatives and amides. Preferably, the reaction is 
conducted utilizing an excess of a nucleophilic compound 
selected from the group consisting of aniline, substituted 
aniline derivatives, aliphatic amines, substituted aliphatic 
50 amine derivatives and amides. More preferably, the molar 
ratio of nucleophilic compound to X — R A — N=N — R 2 — Y 
or azoxy or hydrazo derivatives thereof is at least about 1:1. 

In the preparation of substituted aromatic amines by the 
reaction of a nucleophilic compound with a substituted 
55 aromatic azo compound, the molar ratio of a nucleophilic 
compound selected from the group consisting of aniline, 
substituted aniline derivatives, aliphatic amines, substituted 
aliphatic amine derivatives and amides to substituted aro- 
matic azo compounds can vary from a large excess of 
60 substituted aromatic azo compound to a large excess of a 
nucleophilic compound selected from the group consisting 
of aniline, substituted aniline derivatives, aliphatic amines, 
substituted aliphatic amine derivatives and amides. 
Preferably, the reaction is conducted utilizing an excess of a 
65 nucleophilic compound as defined above. More preferably, 
the molar ratio of nucleophilic compound to substituted 
aromatic azo compound is at least about 1:1. 
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As used herein, the term "substituted aniline derivatives" electron withdrawing or electron releasing substituents on 

means aniline containing one or more electron withdrawing the aromatic ring. Applicable substituents include, but are 

or electron releasing substituents on the aromatic ring. not limited to, haHdes, — N0 2 , — NH 2 , alkyl groups, alkoxy 

Applicable substituents include, but are not limited to, groups, sulfonate groups, — S0 3 H, — OH, — COH, 

halides, — N0 2 , — NH 2 , alkyl groups, alkoxy groups, sul- 5 — COOH, and alkyl, aryl, arylalkyl or alkyl- aryl groups 

fonate groups, — S0 3 H, — OH, —COOH and aryl, arylalkyl containing at least one — NILj group. Halides are selected 

or alkylaryl groups containing at least 1 — NH 2 group. from the group consisting of chloride, bromide and fluoride. 

Halides are selected from the group consisting of chloride, The preferred alkyl and alkoxy groups contain from 1 to 

bromide or fluoride. The preferred alkyl and alkoxy groups $ caibon ^ preferred aryl, arylalkyl and alkyl 

contain from 1 to about 6 carbon atoms. The preferred ary; { contain from about 6 to about 18 carbon atoms, 

aryla^landalkylaryl groups contam from about 6 to about Exam ^ les of ^ substituted ^niXic 

include, but are not limited to, 2-methoxyaniline, mt% +u*,tu~~~ -a a *t v *j 

4-methoxyaniline, 4-chloroaniline, P -toluidine, i S a T >u *i - met ^xyben2amide, 
4-nitroaniline, 3-bromoaniline, 3-brom<>4-aimnotoluene, 

p-aminobenzoic acid, 2,4-diaminotoluene, 2,5- 15 4-ammobeiizamide and mixtures thereof, 

dichloroaniline, 1,4-phenylenediamine, 4,4*- Diamides that can be employed according to the process 

memylenedianiline, 13,5-triaminobenzene and mixtures of ^ invention include, but are not limited to, adipamide, 

thereof. oxalic amide, terephthalic diamide, 4,4*- 

Aniline or substituted aniline derivatives can be added biphenyldicarboxamide and mixtures thereof, 

directly or can be formed in situ by addition of a compound 20 Aliphatic amines and substituted aliphatic amines that can 

that wiU form aiiiline or the coaesponding aiiihne derivative be employed according to the invention are compounds 

under the conditions present in the reaction system. selected from the group consisting of compounds repre- 

Amides that can be employed according to the invention sented by the formula X — R 6 — NH — R7 — Y 1 and corn- 
include aromatic amides, aliphatic amides, substituted aro- pounds represented by the formula: 
matic amide derivatives, substituted aliphatic amide deriva- 25 

fives and diamides having the formula: x 



v . . . / /\ 



C— R 4 — A— R 5 — C -v / 

/ \_. 30 \/ 



Z N— H 



H2N NH2 



R 9 
1 

V 



wherein R 4 and R 5 are independently selected from the 

group consisting of aromatic groups, aliphatic groups and a wherein R 6 is selected from the group consisting of alkyl, 

direct bond, and A is selected from the group consisting of 35 cydoakyl and cydoalkenyl groups, K, is selected 

from the group consisting of a direct bond, alkyl, alkenyl, 

I 3 * cydoalkylandcydoalkenylgroups^gandRgareindepen- 

— c— dentry selected from the group consisting of alkyl and 

I alkenyl groups, Z is selected from the group consisting of a 

3 40 direct bond, — NH — , _N(R 10 )— , — O— and — S— , 

wherein R 10 is an alkyl group, and X* and Y 1 are indepen- 

— S0 2 — , — O— , — S— and a direct bond dent iy selected from the group consisting of hydrogen, 

The aliphatic amides and substituted aliphatic amide halides, — N0 2 , -^JH 2 , aryl groups, alkoxy groups, sul- 

derivatives that can be employed according to the invention f ona te groups, — SOjH, —OH. — COH, —COOH, and 

are represented by the formula: 45 alkyl, aryl, arylalkyl or alkylaryl groups containing at least 

one — NH 2 group. Halides are sdected from the group 

/P consisting of chloride, bromide and fluoride. The preferred 

x-^-r 3 ^c aliphatic groups of and R, contain from 1 to about 12 

\ carbon atoms. The preferred aryl, arylalkyl and alkylaryl 

^ so groups contain from about 6 to about 18 carbon atoms. The 

preferred alkoxy groups contain from 1 to about 6 carbon 

wherein n is 0 or 1, R 3 is selected from the group consisting atoms. 

of alkyl, arylalkyl, alkenyl, arylalkenyl, cycloalkyl and Examples of aliphatic amines and substituted aliphatic 

cycloalkenyl groups and X is selected from the group amine derivatives include, but are not limited to, 

consisting of hydrogen, —N0 2 ,—NH 2 , aryl groups, alkoxy 55 cyclohexylamine, 2-butylamine, isopropylamine, 

groups, sulfonate groups, — S0 3 H, —OH, —COH, 2-hexylamine, 2-heptyiamine, 1,4-dimemylpentylamine, 

—COOH, and alkyl, aryl, arylalkyl or alkyl aryl groups 1-memymeptylamine, l-emyl-3-memylpentylamine, 1,3- 

containing at least one — NH 2 group. The preferred alkyl dimethylbutylamine, octylarnine, piperidine, piperazine, 

and alkoxy groups contain from 1 to about 6 carbon atoms. hexamethylene diamine, 2-amino-l-propanol, 2-amino-l- 

The preferred aryl, arylalkyl and alkyl aryl groups contain 60 butanol, 6-aminohexanoic add and mixtures thereof, 

from about 6 to about 18 carbon atoms. As used herein, the term "azo containing compounds" are 

Examples of aliphatic amides and substituted aliphatic compounds of the invention that are represented by the 

amide derivatives include, but are not limited to, formula X— Ri — N=N — Rj — Y or azoxy or hydrazo 

isobutyramide, urea, acetamide, propylamide and mixtures derivatives thereof wherein R A is an aromatic group, R 2 is 

thereof. 65 selected from the group consisting of aliphatic and aromatic 

As used herein, the term "substituted aromatic amide groups and X and Y are independently selected from the 

derivatives" means aromatic amides containing one or more group consisting of hydrogen, halides, — N0 2 , — NK^, aryl 
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groups, alkyl groups, alkoxy groups, sulfonate groups, acceptable base materials include, but are not limited to, 

— S0 3 H, —OH, — COH, — COOH. and alkyl, aryl, aryla- phase transfer catalysts in conjunction with a suitable base 

lkyi or alkylaryl groups containing at least one — NH 2 source such as tetrasubstituted ammonium hydroxides or 

group. When Rs is an aliphatic group, X is in the meta or halides wherein each substituent is independently Selected 

oitho position on R v When R 2 is aromatic, at least one of X 5 from alkyl, aryl or aryl alkyl groups wherein the alkyl, aryl 

and Y is in the meta or ortho position on R x and R 2 , and arylalkyl groups preferably have 1 to about 18 carbon 

respectively. Halides are selected from the group consisting atoms, including tetraalkyl ammonium hydroxides, e.g., 

of chloride, bromide and fluoride. The preferred aliphatic tetramethylammonium hydroxide, tetraalkylammonium 

groups of R x and Rj contain from 1 to about 12 carbon atoms halides, e.g. , tetrabutylammonium chloride, aryl, triaLkylam- 

and the preferred aromatic groups of R t and R^ contain from 10 monium hydroxides, e.g., phenyltrimethylammonium 

about 6 to about 18 carbon atoms. The preferred alkyl and hydroxide, arylalkyl, trialkyl ammonium hydroxides, e.g., 

alkoxy groups contain from 1 to about 6 carbon atoms. Hie benzyltrimethylammonium hydroxide, alkyl substituted 

preferred aryl, arylalkyl and alkylaryl groups contain from diammonium hydroxides, e.g., bis- 

about 6 to about 18 carbon atoms. Examples of azo con- dibutylemylhexamethylenediammonium hydroxide, and 

taining compounds include, but are not limited to, 15 other combinations of phase transfer catalysts and suitable 

azobenzene, substituted azobenzene derivative, bases such as suitable bases in conjunction with aryl ammo- 

azoxybenzene, 4-(phenylazo)-diphenylamine, 1,2- nium salts, crown ethers and the like, amine bases such as 

diphenylhydrazine, and mixtures thereof. lithium, bis(trimethylsilyl) amide, 2-aminoheptane, and the 

When the azo containing compound is azobenzene, like, and alkyl magnesium halides, including mixtures 

azobenzene can be produced via the oxidative coupling of 20 thereof. Preferred materials for use as bases are alkali metal 

aniline in the presence of a suitable base. When the nucleo- hydroxides, such as potassium hydroxide, alkali metal 

philic compound used to react with azobenzene is aniline alkoxides such as potassium t-butoxide, alkali metal hydrox- 

and the reaction is conducted under aerobic conditions, the ides or alkoxides in conjunction with a phase transfer 

azobenzene can be produced in-situ via the oxidative cou- catalyst such as potassium hydroxide in conjunction with 

pling of aniline in the presence of a suitable base. Hie 25 crown ethers, and tetraalkylammonium hydroxides such as 

oxidative coupling of aniline is known in the art, see Jeon, tetramethylammonium hydroxide or tetrabutylammonium 

S. and Sawyer, D. T, "Hydroxide-Induced Synthesis of the hydroxide. 

Superoxide Ion from Dioxygen and Aniline, Preferably, the base is added to the nudeophilic com- 

Hydroxylamine, or Hydrazine", Inorg. Chettu, Vol. 29, pp. pound to produce a mixture which is then combined with the 

4612-15 (1990), and the reaction conditions defined herein 30 azo containing compound or substituted aromatic azo com- 

for the production of the substituted aromatic azo com- pound. Alternatively, the base can be added after the nucleo- 

pounds are sufficient for the oxidative coupling of aniline to philic compound and azo containing compound or substi- 

azobenzene. tuted aromatic azo compound have been combined. Addition 

As used herein, the term "substituted azobenzene deriva- of materials can be above or below surface addition, 

rives" means azobenzene containing one or more electron 35 For the preparation of substituted aromatic azo 

withdrawing or electron releasing substituents on one or compounds, the amount of base employed according to the 

both of the aromatic rings. Applicable substituents include, invention can be conveniently expressed in terms of a molar 

but are not limited to, halides, — NO2, — NH 2 , alkyl groups, ratio of suitable base to azo containing compound. Broadly, 

alkoxy groups, sulfonate groups, — SO3H, —OH, —COOH the molar ratio of base to azo containing compound will be 

and aryl, arylalkyl or alkylaryl groups containing at leastone 40 about 1:1 to about 10:1, preferably about 1:1 to about 4:1, 

— NH 2 group. Halides are selected from the group consist- and most preferably about 1:1 to about 2:1. 

ing of chloride, bromide and fluoride. The preferred alkyl For the preparation of substituted aromatic amines, the 

and alkoxy groups contain from 1 to about 6 carbon atoms. amount of base employed according to the invention can be 

The preferred aryl, arylalkyl, and alkylaryl groups contain conveniently expressed in terms of a molar ratio of suitable 

from about 6 to about 18 carbon atoms. Examples of 45 base to substituted aromatic azo compound. Broadly, the 

substituted azobenzene derivatives include, but are not lim- molar ratio of base to substituted aromatic azo compound 

ited to, 3,4-dichloroazobenzene, p-phenylazobenzene sul- will be about 1:1 to about 10:1, preferably about 1:1 to about 

fonic acid, p-(2,4-dihydroxyphenylazo)benzene sulfonic 4:1, and most preferably, about 1:1 to about 2:1. 

acid, and mixtures thereof. The reaction of the nucleophilic compound with the azo 

Suitable solvent systems include, but are not limited to, 50 containing compound is conducted at a temperature within 

solvents such as dimethylsulfoxide, nucleophilic com- the range of from about 10° C. to about 150° G, such as 

pounds such as substituted aniline derivatives, aniline and from about 20° C. to about 120° C, preferably from about 

amides having a melting point below the reaction 30° C to about 100° C. A most preferred temperature for 

temperature, e.g., molten benzamide, dimemylformamide, conducting the reaction of the nucleophilic compound with 

N-methyl-2-pyrrolidone, pyridine, ethyleneglycoldimethyl 55 the azo containing compound is from about 50° C. to about 

ether, amines such as dusopropylethylamine, sec-butyl 90° C. 

amine and 24ieptylairn^e, and me like, and im^ The reaction of the nucleophilic compound with the 

As described in more detail below, solvent mixtures can be substituted aromatic azo compound is conducted at a tem- 

utilized wherein in one or more of the suitable solvents and perature within the range of from about 70° C. to about 200° 

another solvent, such as a controlled amount of a protic 60 G, such as from about 70° C. to about 190° C, preferably 

solvent, e.g., methanol or water, are combined. from about 70° C. to about 180° C. A most preferred 

Suitable bases include, but are not limited to, organic and temperature for conducting the reaction of the nucleophilic 

inorganic bases such as alkali metals, such as sodium metal, compound with the substituted aromatic azo compound is 

alkali metal hydrides, hydroxides and alkoxides, such as from about 130° C. to about 170° C. 

sodium hydride, lithium hydroxide, sodium hydroxide, 65 Control of the amount of protic material present in the 

cesium hydroxide, potassium hydroxide, potassium reaction of the nucleophilic compound with the azo con- 

t-butoxide, and the like, including mixtures thereof. Other taining compound is important The amount of protic mate- 
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rial employed according to the invention can be conve- other agents, azeotropic distillation utilizing, for example, 
niently expressed in terms of a molar ratio based on the xylene, and the like, including combinations thereof, 
amount of base present at the beginning of the reaction of In one embodiment for controlling the amount of protic 
nucleophilic compound and azo containing compound. material during the reaction of nucleophilic compound with 
Broadly, the molar ratio of protic material to base will be 5 azo containing compound or substituted aromatic azo 
from 0:1 to about 5:1, preferably from 0:1 to about 3:1, and compound, a desiccant is added so as to be present during 
most preferably 0: 1 to about 1:1. Thus, the present reaction the reaction of nucleophilic compound with azo containing 
could be conducted under anhydrous conditions. As used compound or substituted aromatic azo compound. For 
herein for the reaction of nucleophilic compound and azo example, when the protic material is water, the desiccant 
containing compound, the term "controlled amount" of 10 removes water present during the reaction of nucleophilic 
protic material is an amount up to that which inhibits the compound and azo containing compound or substituted 
reaction of nucleophilic compound with azo containing aromatic azo compound and results in higher conversion of 
compound. The upper limit for the amount of protic material azo containing compound or substituted aromatic azo corn- 
present in the reaction varies with the solvent In addition, pound and yields of substituted aromatic azo compound or 
the amount of protic material tolerated will vary with the 15 substituted aromatic amine. As used herein, desiccant is a 
type of base, amount of base, and base cation, used in the compound present during the reaction of nucleophilic corn- 
various solvent systems. However, it is within the skill of pound and azo containing compound or substituted aromatic 
one in the art, utilizing the teachings of the present azo compound in addition to the suitable base used, 
invention, to determine the specific upper limit of the Examples of suitable desiccants include, but are not limited 
amount of protic material for a specific solvent, type and 20 to, anhydrous sodium sulfate, molecular sieves, such as 
amount of base, base cation and the like. The minimum types 4A, 5A, and 13X available from the Union Carbide 
amount of protic material necessary to maintain selectivity Corporation, calcium chloride, tetramethylammonium 
of the desired products will also depend upon the solvent, hydroxide dihydrate, anhydrous bases such as KOH and 
type and amount of base, base cation and the like, that is NaOH, and activated alumina. 

utilized and can also be determined by one skilled in the art 25 In another embodiment for controlling the amount of 
Control of the amount of protic material present in the protic material during the reaction of nucleophilic corn- 
reaction of the nucleophilic compound with the substituted pound and azo containing compound or substituted aromatic 
aromatic azo compound is important. The amount of protic azo compound, protic material is continuously removed 
material employed according to the invention can be con- from the reaction mixture by distillation. If the protic 
veniently expressed in terms of a molar ratio based on the 30 material present forms an azeotrope with one of the corn- 
amount of base present at the beginning of the reaction of pounds in the reaction mixture, the protic material can be 
nucleophilic compound and substituted aromatic azo com- removed by continuous azeotropic distillation of protic 
pound. Broadly, the molar ratio of protic material to base material utilizing the azeotrope. The continuous removal of 
will be from 0:1 to about 5:1, preferably from 0:1 to about protic material allows the use of lower amounts of base in 
1:1. Thus, the present reaction could be conducted under 35 the reaction of nucleophilic compound and azo containing 
anhydrous conditions. As used herein for the reaction of compound or substituted aromatic azo compound while 
nucleophilic compound and substituted aromatic azo achieving very high conversion of azo containing compound 
compound, the term "controlled amount" of protic material or substituted aromatic- azo compound and excellent yields 
is an amount up to that which inhibits the reaction of of substituted aromatic azo compound or substituted aro- 
nucleophilic compound with substituted aromatic azo com- 40 matic amine. 

pound. The upper limit for the amount of protic material Generally, the reactions can be conducted under aerobic 

present in the reaction varies with the solvent In addition, or anaerobic conditions. When the nucleophilic compound is 

the amount of protic material tolerated will vary with the a secondary aliphatic amine, the reactions can be conducted 

type of base, amount of base, and base cation, used in the only under aerobic conditions, Le., under anaerobic condi- 

various solvent systems. However, it is within the skill of 45 tions the only applicable aliphatic amines or substituted 

one in the art, utilizing the teachings of the present aliphatic amine derivatives are those having the formula 

invention, to determine the specific upper limit of the X" — — NH 2 . Under aerobic conditions the reaction is 

amount of protic material for a specific solvent, type and conducted essentially as described above in the reaction 

amount of base, base cation and the like. The minimum zone which is exposed to oxygen, usually by exposure to air. 

amount of protic material necessary to maintain selectivity so Under aerobic conditions, the pressure at which the reaction 

of the desired products will also depend upon the solvents, is conducted can vary and the optimal pressure, as well as 

type and amount of base, base cation and the like, that is the optimal combination of pressure and temperature, are 

utilized and can also be determined by one skilled in the art easily detennined by one skilled in the art For example, the 

Since the amount of protic material present in the reaction reaction can be conducted at a pressure ranging from about 

is important, it is possible to reduce the amount of protic 55 0 psig (0 kg/cm 2 ) to about 250 psig (17.6 kg/cm 2 ), such as 

material present as much as possible and then add back to from about 14 psig (1 kg/cm 2 ) to about 150 psig (10.5 

die reaction the desired amount Protic materials that can be kg/cm 2 ). Under anaerobic conditions, the reactions can be 

utilized to add back to the reaction are known to those conducted at atmospheric pressure or reduced or elevated 

skilled in the art and include, but are not limited to, water, pressures, in the presence of an inert gas such as, for 

methanol, isoamyl alcohol, t-butanol and the like, and mix- 60 example, nitrogen or argon. Optimal conditions for a par- 

tures thereof. Methods for measuring the amount of protic ticular set of reaction parameters, such as temperature, base, 

material and for reducing the amount of protic material as solvent and the like, are easily determined by one skilled in 

much as possible are well known in the art For example, the the art utilizing the teaching of the present invention, 
amount of water present in certain reagents can be deter- Reductive alkylation of substituted aromatic amines, e.g., 

mined by utilizing a Karl-Fischer apparatus, and the amount 65 4-ADPA, to produce antioxidants or antiozonants can be 

of water can be reduced through distillation and/or drying conducted by any of several well-known methods. See, for 

under reduced pressure, drying in the presence of P 2 0 5 and example, U.S. Pat No. 4,900,868. Preferably, substituted 
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aromatic amines and a suitable ketone or aldehyde are Elution Gradient 
reacted in the presence of hydrogen and platinum-on-carbon 

as catalysts. Suitable ketones include, but are not limited to, — ^— — — — . 

methylisobutylketone (MIBK). acetone, methylisoamylke- ^ , . , a _ v • SahreoiB 

tone and 2-octanone. 5 

Aminolysis of substituted aromatic amines containing an 
aromatic amide bond, which can be prepared by reacting an 
amide as the nucleophilic compound and an azo containing 
compound to produce a substituted aromatic azo compound 

followed by reacting the substituted aromatic azo compound 10 
with a nucleophilic compound, can be conducted by reacting 
the substituted aromatic amine with ammonia to produce the 
corresponding substituted aromatic amine and an amide 

which can be recycled. See for example, Jencks, W. R, 7. Example 1 

Am. Chem. Sac, Vol 92, pp. 3201-3202 (1970). Preferably. 15 ^ k me of from 

the subsututed aromatic amine containing an aromatic amide the reaction of and azobenzene and base using a 

bond is reacted with ammonia in the presence of a solvent, hase ^ t 
e.g., methanol. 

Contemplated equivalents of the reactants and reagents A) A solution of 1.8 g of azobenzene, 2.6 g of 18-crown-6, 

set forth above are reactants and reagents otherwise corre- 20 1 g of KOH and 5 g of aniline was stirred at 70° C. under 

sponding thereto and having the same general properties nitrogen for 72 hours. An aliquot was taken out for HPLC 

wherein one or more of the various groups, e.g., — N0 2? are analysis. The yield of 4-ADPA based on azobenzene was 

simple variations. In addition, where a substituent is desig- 58%. 

nated as, or can be, a hydrogen, the exact chemical nature of B ) A solution of 1.8 g of azobenzene, 1.5 g of potassium 

a substituent which is other than hydrogen at that position is 25 me thoxide. 2.6 g of 18-crown-6 and 5 g of aniline was 

not critical so long as it does not adversely affect the overall stiircd at m <> c unda for 3 hours ^ & quot was 

activity and/or synthesis procedure. taken out for HPLC analysis. The yield of 4-ADPA based 

The chemical reactions described above are generally azobenzene was 32%. 
disclosed in terms of their broadest application to the 

process of this invention. Occasionally, the reaction condi- 30 Q Asolution of 1.8 g of azobenzene, 2.6 g of 18-crown-6, 

tions may not be applicable as specifically described to each 2 24 S of potassium t-butoxide and 5 g of aniline was stirred 

reactant and reagent within the disclosed scope. For at 80° C. under nitrogen for 2 hours. An ahquot was taken 

example, certain suitable bases may not be as soluble in one out for ^ analysis. The yield of 4-ADPA based on 

solvent as they are in other solvents. The reactants and azobenzene was 100%. 

reagents for which this occurs will be readily recognized by 35 

those skilled in the art. In all such cases, either the reactions Example 2 
can be successfully performed by conventional modifica- 
tions known to those skilled in the art, e.g., by appropriate ™ s example illustrate the production of 4-ADPA from 
adjustments in temperature, pressure and the like, by chang- me reaction of aniline and azobenzene in the presence of a 
ing to alternative conventional reagents such as other sol- 40 base. 

vents or other bases, by routine modification of reaction A) A solution of 1.8 g of azobenzene, 1 g of KOH and 5 

conditions, and the like, or other reactions disclosed herein g of aniline was stirred at 120° C. under nitrogen for 12 

ox otherwise conventional, wfll be applicable to the process nourSt ^ was tak&n out for WLC analysis . ^ 

of this invention. In all preparative methods, all starting yield of 4-ADPA based on azobenzene was 19%. 

materials are known or are readily preparable from known 45 

starting materials. B ) A solution of 1.8 g of azobenzene, 2 g of KOH and 5 

g of aniline was stirred at 150° C. under nitrogen for 12 

EXAMPLES hours. An aliquot was taken out for HPLC analysis. The 

yield of 4-ADPA based on azobenzene was 38%. 

Materials and Methods: Aniline, aniline derivatives and 50 

azobenzene were purchased from Aldrich Chemical, were Q A solution of 1-8 g of azobenzene, 0.5 g of NaH and 

reagent grade and were used without further purification. 5 8 of aniUae was stirred at 80 ° c - under nitrogen for 12 

Solvents were purchased from Aldrich Chemical and were hours ' An ^ noi was taksssl out for WLC analysis. The 

anhydrous grade. The tetramethylammonium hydroxide was y ield of 4-ADPA based on azobenzene was 97%. 

purchased as the pentahydrate. 55 

HPLC Assay Example 3 

Reverse phase HPLC was used to analyze the reaction 

mixtures. A 5 urn Beckman/Altex Ultrasphere-ODS (4.6x ^ exam P le illustrates the effect of protic material on the 

150 mm) column was employed using a binary gradient P™*"*™ of 4-(phenylazo)-diphenylamine from the reac- 

purop system. Absorption in the UV was monitored at 254 60 11011 of aniUne and 5 ™> bt ™*™ m presence of a base 

and phase transfer catalyst. 

A Waters 600 series HPLC equipped with a vydac A mixture of aniline (1*25 g), azobenzene (0.45 g), 

201HS54 (4.6x250 mm) column and UV detection at 254 potassium t-butoxide (0.55 g), and 18-crown-6 (0.65 g) was 

nm was used to monitor all reactions. The external standard stirred under nitrogen. Variable amounts of water was added 

method was utilized in ail the analysis. Authentic samples of 65 to the reaction and the solution was heated to 80° C. for two* 

products to be used as standards were prepared by known hours after which time an aliquot was removed and analyzed 

literature methods. by HPLC. 




5,633,407 



15 



TABLE 1 



16 



Mole Ratio 


% Yield 


Watent-Bulaxide 




10 


0 


3 


1 


1 


7 


0.5 


50 



A solution of 0.3 g of 4-(phenylazo)diphenylamine, 0.5 g 
of aniline, 0.25 g of potassium t-butoxide, 0.3 g of 
18-crown-6 and various amounts of water was heated under 
nitrogen for 4 hours. An aliquot was removed for HPLC 
analysis. The results 20 are summarized in Table 2. 

TABLE 2 



Example 4 

This example illustrates the production of 4-ADPA from 
the reaction of aniline, azobenzene, base and phase transfer 
catalyst in the presence of various solvents. 

A) A solution of 1.8 g of azobenzene, 2.24 g of potassium 
hydroxide, 2.6 g of 18-crown-6 and 0.9 g of aniline was 
stirred in 5 g of DMSO at 120° C. under nitrogen for 72 
hours. An aliquot was taken out for HPLC analysis. The 
yield of 4-ADPA based on azobenzene was 10%. 

B) A solution of L8 g of azobenzene, 2.2 g of potassium 
t-butoxide, 2.6 g of 18-crown-6 and 0.9 g of aniline was 
stirred in 5 g of ethylene glycol at 140° C. under nitrogen for 
12 hours. An aliquot was taken out for HPLC analysis and. 
The HPLC yield of 4-ADPA based on azobenzene was 30%. 

C) A solution of 1.8 g of azobenzene, 2.2 g of potassium 
t-butoxide, 2.6 g of 18-crown-6 and 0.9 g of aniline was 
stirred in 3 g of N-methyl-2-pyrrolidone at 140° C. under 
nitrogen for 12 hours. An aliquot was removed for HPLC 
analysis. The yield of 4-ADPA based on azobenzene was 
5%. 
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Example 5 

This example illustrates the reaction of substituted aniline 
derivatives with azobenzene to produce the corresponding 35 
substituted 4-ADPA derivative. 

A) A solution of 1.8 g of azobenzene, 2.2 g of potassium 
t-butoxide and 535 g of p-toluidine was stirred at 150° C. 
under nitrogen for 12 hours. An aliquot was taken out for ^ 
HPLC analysis. The yield of 4-ADPA derivative based on 
azobenzene was 71%. 

B) A solution of 1.8 g of azobenzene, 2.2 g of potassium 
t-butoxide and 5 g of p-anisidine was stirred at 140° C. under 
nitrogen for 12 hours. An aliquot was taken out for HPLC 45 
analysis. The yield of 4-ADPA derivative based on azoben- 
zene was 35%. 

C) A solution of 1.8 g of azobenzene, 2.2 g of potassium 
t-butoxide, 2.6 g of 18-crown-6 and 5 g of p-chloroaniline 
was stirred at 135° C. under nitrogen for 4 hours. An aliquot so 
was taken out for HPLC analysis. The yield of 4-ADPA 
derivative based on azobenzene was 49%. 

Example 6 

This example illustrates the production of 4-ADPA from 55 
the reaction of azoxybenzene, aniline, base and phase trans- 
fer catalyst 

A solution of 12 g of azoxybenzene, 1 g of potassium 
hydroxide, 2.6 g of 18-crown-6 and 5 g of aniline was stirred 
at 150° C. under nitrogen for 4 hours. An aliquot was taken 60 
out for HPLC analysis. The yield of 4-ADPA based on 
azoxybenzene was 91%. 

Example 7 

This example illustrates the effect of water on the pro- 65 
auction of 4-ADPA from the reaction of 4-(phenylazo>- 
diphenylamine with a nucleophile. 
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Example 8 

This example illustrate the production of 4-ADPA from 
the reaction of 2-heptylamine, 4-(phenylazo)- 
diphenylamine, base and phase transfer catalyst 

A solution of 135 g of 4-(phenyiazo)diphenylamine, 3 g 
of 2-aminoheptane, 1.12 g of potassium t-butoxide and 13 
g of 18-crown-6 was heated under nitrogen for 3 hours. An 
aliquot was taken out for HPLC analysis. The yield of 
4-ADPA based on 4-(phenylazo)diphenylamine was 23%. 

Example 9 

This example illustrates the production of 4-ADPA from 
the reaction of 4-(phenylazo)diphenylamine and 
2-aminoheptane. 

A solution of 132 g of 4-(phenylazo)diphenylamine and 
3.1 g of 2-aminoheptane was heated under nitrogen for 3 
hours. An aliquot was removed for HPLC analysis. The yield 
of 4-ADPA based on 4-(phenylazo)diphenylamine was 30%. 

Example 10 

This example illustrates the production of 4-ADPA from 
the reaction of 4-(phenylazo)diphenylamine and a substi- 
tuted aromatic amine. 

A solution of 2.73 g of 4-(phenylazo)diphenylamine, 5 g 
of l,4^)henylenediamine, 2.24 g of potassium t-butoxide 
and 2.6 g of 18-crown-6 was heated under nitrogen for 30 
minutes. An aliquot was removed for HPLC analysis. The 
yield of 4-ADPA based on 4-(phenylazo)diphenylamine was 
59%. 

Example 11 

This example illustrates the production 4,4'- 
diaminodiphenylamine, a 4-ADPA derivative, produced 
from the reaction of a substituted aromatic amine, 1,4- 
phenylenediamine, with azobenzene. 

A solution of 1.8 g of azobenzene 5 g of 1,4- 
phenylenedKamine, 2.24 g of potassium t-butoxide and 2.6 g 
of 18-crown-6 was heated under nitrogen for 30 minutes. An 
aliquot was removed for HPLC analysis. The yield of 
4,4'-diammodiphenylamine based on azobenzene was 30%. 

Example 12 

This example illustrates the production of a substituted 
aromatic azo compound from the reaction of azobenzene 
and a substituted aromatic amine. 

A solution of 1.8 g of azobenzene, 2.2 g of potassium 
t-butoxide, 2.6 g of 18-crown-6 and 5 g of substituted aniline 
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was stiircd at 80° C. for 1 hoar. An aliquot was taken out for of p-chloroaniline under nitrogen at 70° C for 12 hours. 10 
HPLC analysis. Yields of substituted azo compounds are ml of 90% methanol was added to homogenize the solution, 
based on azobenzene. A weighted aliquot was sampled for HPLC and was found 

to contain 31% of 4-(4-chlorophenyiazo)diphenylainine, 
TABLE 3 5 38% of hydrazobenzene and 30% of azobenzene. 

(d) 10 mmole of azo benzene, 20 mmole of potassium 
t-butoxide and 10 mmole of 18-crown-6 was stirred in 5 g 
of p-toluidine under nitrogen at 80° C. for 12 hours. 10 ml 
of 90% methanol was added to homogenize the solution. A 
10 weighted aliquot was sampled for HPLC and was found to 
contain 60% of 4-(tolylphenylazo)diphenylamine and 40% 
of azobenzene. 

Example 13 ^ ^ mnxdz of azobenzene, 5 g of p-nitroaniline, 20 

mmole of potassium t-butoxide and 10 mmole of 
This example illustrates the production of a substituted 15 18-<xown-6 was stirred in 4 ml of DMSO under nitrogen at 
azo compound from the reaction of azobenzene and aniline. 100° C. for 72 hours. 10 ml of 90% methanol was added to 
A solution of 1.8 g of azobenzene, 1 g of potassium !* mo £ e J^ ^ ^tion. * ^ uot was saiD P led 

hydroxide.2.6gofl8-crown^and5gofanmnewasstirred *"^ C w " f 0Und to A 'T* in ? 3% of 

at 80° C. for 2 hour. An aliquot was taken out for HPLC 2 o ^ l ^ to > l #^ 74% <* azobenzene. 
analyds.Theyiddof4^henylazo)diphenylaminebasedon (0 10 mmole of azobenzene, 2 g of 1,4- 
azobenzene was 14%. phenylenediamine, 20 mmole of potassium t-butoxide and 

10 mmole of 18-crown-6 was stirred in 4 ml of DMSO under 
Example 14 nitrogen at 100° C. for 72 hours. 10 ml of 90% methanol was 

_ added to homogenize the solution. A weighted aliquot was 
This example illustrates the production of a substituted sampled for HPLC and was found to contain 90% of 
aromatic amine from the reaction of an aromatic amide with 4-(aminophenylazo)diphenylamine. 
azobenzene. 

A mixture of 1.8 g of azobenzene, 2.6 g of 18-crown-6, . Example 17 

2.6 g of potassium t-butoxide was dissolved in 5 g of molten 30 This example illustrates the production of 4<phenylazo) 

benzamide. The reaction was stirred at 135° C for 12 hour diphenylamine from the reaction of aniline and azobenzene. 

under nittogen. An aliquot was taken out for HPLC analysis. 75 M of 25% a terramethylammonium hydroxide 

The yield of 4-anunobenzamhde based on azobenzene was was evaporat ed t0 dryness at 60° C720 mmHg followed by 

addition of 18.5 gm of azobenzene and 75 ml of aniline. The 

35 solution was stirred at 60°C720mmHg for 4 hours, approxi- 
tixampie 15 mBAjdy 3Q ^ of ani]ine wag ^ 50 ^ of water 

This example illustrates the production of 4-ADPA from was added. The aniline solution was assayed to contain 99% 
the reaction of 1^-diphenylhydrazine and an aromatic vield of 4-(phenylazo)diphenylamine and 6% of 
amine nucleophile. N-methylaniline by HPLC based on azobenzene. 

40 

A mixture of 1.8 g of 1, 2-diphenylhydrazine, 22 g of Example 18 

potassium t-butoxide, 2.6 g of 18-crown-6 and 5 g of aniline 

was stirred at 135° C. for 12 hour. An aliquot was taken out This example illustrates the production of 4-(phenylazo) 

for HPLC analysis. The yield of 4-ADPA based on 1,2- diphenylamine under aerobic conditions. 

diphenylhydrazine was 9%. A solution of 25% aqueous tetramethylammonium 

hydroxide (8 mL) was concentrated under vacuum at 75° C. 

Example 16 until solid material formed. Azobenzene (1.8 g) and aniline 

(10 mL) were added and the solution was stirred under the 
This example illustrates the production of 4-(phenylazo) same c^m^ for 4 hours md ^ & & of & 

diphenylamine and substituted derivatives thereof from the for 12 hours /^y^ of me reaction by HPLC revealed 
reaction of aniline or substituted aniline derivatives and so 90% yie ld (rf 4-(phenylazo)diphenylamine. 
azobenzene. r ' 

(a) 10 mmole of azobenzene, 20 mmole of potassium Example 19 

t-butoxide and 10 mmole of 18-crown-6 was stirred in 10 g This example illustrates the conversion of 4-(phenylazo) 
of aniline under nitrogen at 80° C. for 30 minutes. A diphenylamine to 4-ammodiphenylarnine using isoamyl 
weighted aliquot was sampled for HPLC and was found to 53 alcohol as the protic material. 

contain 40% of ^(phenylazo^diphenylamine, 50% of A of 4 ^^ laro)d jp tol yi ain i lie (2 .73 g), 

azobenzene and 10% of hydrazobenzene. isoamyl (0 ^ ^siMvLite (0.22 g) and 

(b) 10 mmole of azobenzene, 20 mmole of potassium 18-crown-6 (1.3 g) was heated between 100°-120° C. under 
t-butoxide and 10 mmole of 18-crown-6 was stirred in 5 g ^ nitrogen for 12 hours. The yield of 4-ADPA was 80%. 

of p-anisidine under nitrogen at 60° C for 12 hours. 10 ml 

of 90% methanol was added to homogenize the solution. A Example 20 

weighted aliquot was sampled for HPLC and was found to This example illustrates the production of 4-ADPA from 
contain 80% of 4-(4-methoxyphenylazo)diphenylamine and the aerobic reaction of aniline and base forming azobenzene 
19% of azobenzene. 65 in_ s itu. 

(c) 10 mmoie of azobenzene, 20 mmole of potassium Aniline (0.9 g) and potassium t-butoxide (2.2 g) was 
t-butoxide and 10 mmole of 18-crown-6 was stirred in 5 g stirred in 5 g of t-butanol at 80° C. in air for 12 hours. An 
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aliquot was taken out for HPLC analysis which revealed a 
30% yield of 4-ADPA and a 70% yield of azobenzene based 
on aniline charges. 
That which is claimed is: 

1. A process for preparing 4-aminodiphenylamine 
(4-ADPA) or substituted derivatives thereof comprising: 

(a) contacting aniline or substituted aniline derivatives 
and azobenzene or substituted azobenzene derivatives 
or azoxy or hydrazo derivatives thereof in the presence 
of a suitable solvent system, 

(b) reacting the aniline or substituted aniline derivatives 
and azobenzene or substituted azobenzene derivatives 
in the presence of a suitable base and a controlled 
amount of protic material at a reaction temperature of 
about 10° C. to about 150° C. in a confined reaction 
zone, wherein the molar ratio of protic material to base 
is 0:1 to about 5:1, and 

(c) reacting the product of (b) with aniline or substituted 
aniline derivative in the presence of a suitable solvent 
system, a suitable base and a controlled amount of 20 
protic material at a reaction temperature of about 70° C. 
to about 200° C. in a confined reaction zone, wherein 
the molar ratio of protic material to base is 0: 1 to about 
5:1. 

2. The process of claim 1 for preparing 4-ADPA com- 
prising: 

(a) contacting aniline and azobenzene in the presence of 
a suitable solvent system, 

(b) reacting the aniline and azobenzene in the presence of 
a suitable base and a controlled amount of protic 
material at a reaction temperature of about 10° C. to 
about 150° C. in a confined reaction zone, wherein the 
molar ratio of protic material to base is 0:1 to about 5:1, 
and 

(c) reacting the product of (b) with amline in the presence 
of a suitable solvent system, a suitable base and a 
controlled amount of protic material at a reaction 
temperature of about 70° C to about 200° C. in a 
confined reaction zone, wherein the molar ratio of 
protic material to base is 0:1 to about 5:1, wherein said 
azobenzene introduced in Step (a) is produced by the 
oxidative coupling of aniline in the presence of a 
suitable base. 

3. The process according to claim 1 for preparing 4-ADPA 
comprising: 

(a) contacting aniline and azobenzene in the presence of 
a suitable solvent system, 

(b) reacting the aniline and azobenzene in the presence of 



derivatives, aliphatic amines, substituted aliphatic 
amine derivatives and amides, and an azo containing 
compound represented by the formula X — R x — 
N=N — — Y or azoxy or hydrazo derivatives thereof 
in the presence of a suitable solvent system, and 

(b) reacting the nucleophilic compound and azo contain- 
ing compound in the presence of a suitable base and a 
controlled amount of protic material at a reaction 
temperature of from about 10° C to about 150° C. in 
a confined reaction zone wherein the molar ratio of 
protic material to base is 0:1 to about 5:1. wherein R x 
is an aromatic group, is selected from the group 
consisting of aliphatic and aromatic groups, and X and 
Y are independently selected from the group consisting 
of hydrogen, halides, — N0 2 , — NH 2 , aryl groups, 
alkyl groups, alkoxy groups, sulfonate groups, 
— S0 3 H, —OH, — COH, -COOH, and alkyl, aryl, 
arylalkyl or alkylaryl groups containing at least one 
— NH 2 group wherein if R^ is aliphatic X is in the meta 
or ortho position on R x and if R 2 is aromatic, at least 
one of X and Y is in the meta or ortho position on R A 
and R 2) respectively, and wherein halides are selected 
from the group consisting of chloride, bromide and 
fluoride to produce a substituted aromatic azo 
compound, 

(c) reacting the product of (b) with a nucleophilic com- 
pound independently selected from the group consist- 
ing of aniline, substituted aniline derivatives, aliphatic 
amines, substituted aliphatic amine derivatives and 
amides in the presence of a suitable solvent system, a 
suitable base and a controlled amount of protic material 
at a reaction temperature of about 70° C. to about 200° 
C. in a confined reaction zone, wherein the molar ratio 
of protic material to base is 0:1 to about 5:1 to produce 
a substituted aromatic amine, and 

(d) reductively alkylating said substituted aromatic 
amines. 

5. The process of claim 4 wherein the substituent of said 
substituted aniline derivatives is selected from the group 
consisting of halides, — N0 2 , — NH 2 , alkyl groups, alkoxy 
groups, sulfonate groups, — S0 3 H, —OH, —COOH and 
aryl, arylalkyl or alkylaryl groups containing at least one 
— NH 2 , group wherein halides are selected from the group 
consisting of chloride, bromide and fluoride. 

6. The process of claim 5 wherein said substituted aniline 
derivatives are selected from the group consisting of 
2-methoxyaniline, 4-methoxyaniline, 4-chloroaniline, 

a suitable base and a controlled amount of protic 50 P-*oluidine, 4-nitroaniline, 3-bromoaniiine, 3-bromo-4- 
material at a reaction temperature of about 10° C. to aminotoluene, p-arninobenzoic acid, 2,4-diaminotoluene, 
about 150° C. in a confined reaction zone, wherein the 2,5-tfcWoroaniline, 1,4-phenylenediamine, 4,4 , -methyiene 
molar ratio of protic material to base is 0:1 to about 5:1, dianiline and 13,5-triaminobenzene. 
and 7, The process of claim 4 wherein said amide is selected 

(c) reacting the product of (b) with aniline in the presence 55 from ^ group consisting of aromatic amides, aliphatic 



25 



30 



35 



40 



45 



of a suitable solvent system, a suitable base and a 
controlled amount of protic material at a reaction 
temperature of about 70° C. to about 200° C. in a 
confined reaction zone, wherein the molar ratio of 
protic material to base is 0:1 to about 5:1, wherein said 6o 
reaction is conducted under aerobic conditions and 
azobenzene is produced in-situ by the oxidative cou- 
pling of aniline in the presence of a suitable base. 
4. A process for preparing alkylated p-phenylenediamines 
or substituted derivatives thereof comprising: 
(a) contacting a nucleophilic compound selected from the 
group consisting of aniline, substituted aniline 



amides, substituted aromatic amide derivatives, substituted 
aliphatic amide derivatives and diamides having the for- 
mula: 



V 



H 2 N 



65 wherein R4 and R5 are independently selected from the 
group consisting of aromatic groups, aliphatic groups and a 
direct bond, and A is selected from the group consisting of 
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— S0 2 — , — O — , — S — and a direct bond. 
8. The process of claim 7 wherein said aliphatic amides 
and said substituted aliphatic amide derivatives are repre- 
sented by the formula: 



wherein n is 0 or 1, R 3 is selected from the group consisting 
of alkyl, aryl alkyl, alkenyl, arylalkenyl, cycloalkyl and 
cycloalkenyl groups and X is selected from the group 
consisting of hydrogen, — N0 2 , — NH 2 , aryl groups, alkoxy 
groups, sulfonate groups, — S0 3 H, — OH, — COH, 
— COOH, and alkyl, aryl, arylalkyl or alkylaryl groups 
containing at least one — NH 2 group. 

9. The process of claim 8 wherein said aliphatic amides 
and said substituted aliphatic amide derivatives are selected 
from the group consisting of isobutyramide, urea, acetamide 
and propyl amide. 

10. The process of claim 7 wherein the substituent of said 
substituted aromatic amide derivatives is selected from the 
group consisting of halides, — N0 2 , — NH^ alkyl groups, 
alkoxy groups, sulfonate groups, — S0 3 H, —OH, —OH, 
— COOH and alkyl, aryl, arylalkyl or alkylaryl groups 
containing at least one — NH 2 group, wherein halides are 
selected from the group consisting of chloride, bromide and 
fluoride. 

11. The process of claim 10 wherein said aromatic amides 
and said substituted aromatic amide derivatives are selected 
from the group consisting of benzamide, 
4-methylbenzamide, 4- me thoxy benzamide, 
4-chlorobenzamide, 2-methylbenzamide, 4-nitrobenzamide, 
and 4-aminobenzamide. 

12. The process of claim 7 wherein said diamides are 
selected from the group consisting of adipamide, oxalic 
amide, terephthalic diamide, and 4,4'- 
biphenyldicarboxamide. 

13. The process of claim 4 wherein said aliphatic amine 
and said substituted aliphatic amine derivatives are repre- 
sented by the formula X* — R^ — NH — R 7 — Y 1 and com- 
pounds represented by the formula: 

I 

Rs 

/ \ 
Z N-H 

\ / 

V 

Y 

wherein R$ is selected from the group consisting of alkyl, 
alkenyl, cycloalkyl and cycloalkenyl groups, R? is selected 
from the group consisting of a direct bond, alkyl, alkenyl, 
cycloalkyl and cycloalkenyl groups, R 8 and are indepen- 
dently selected from the group consisting of alkyl and 
alkenyl groups, Z is selected from the group consisting of a 
direct bond, — NH— , — N(R 10 ) — . — O — and — S — , 
wherein R 10 is an alkyl group, and X and Y 1 are indepen- 
dently selected from the group consisting of hydrogen, 



halides, — N0 2 , — NH 2 , aryl groups, alkoxy groups, sul- 
fonate groups, — S0 3 H, —OH, —COH, —COOH, and 
alkyl, aryl, arylalkyl or alkylaryl groups containing at least 
one — NH 2 group, wherein halides are selected from the 
5 group consisting of chloride, bromide and fluoride, 

14. The process of claim 13 wherein said aliphatic amine 
and said substituted aliphatic amine derivatives are selected 
from the group consisting of cyclohexylamine, 
2-butylamine, isopropylamine, 2-hexylamine, 

10 2-heptylamine, 1 ,4-dimethylpentylamine . 
1-memylheptylamine, l-emyl-3-memylpentyiamine, 13- 
dimemylbutyiamine, octylamine, piperidine, piperazine, 
hexamethylenediamine, 2-amino-l-propanol, 2-amino-l- 
butanol and 6-aminohexanoic acid. 

15. The process of claim 4 wherein said azo containing 
15 compounds are selected from the group consisting of 

azobenzene, azoxybenzene, 3,4'-dichlcroazobenzene, 
p-phenylazobenzene sulfonic acid, p-(2,4- 
dihydroxyphenylazo)benzene sulfonic acid, 1,2- 
diphenylhydrazine. 

20 16. The process of claim 4 wherein said suitable solvent 
system includes a solvent selected from the group consisting 
of aniline, dime thy lsulf oxide, dimethylformamide, 
N-methyl-2-pyrrolidone, pyridine, emyleneglycoldimethyl 
ether, diisopropylethylamine, molten benzamide and mix- 

25 tures thereof. 

17. The process of claim 16 wherein said solvent is 
selected from the group consisting of aniline, 
dimethylsulfoxide, dimethylformamide, molten benzamide 
and mixtures thereof. 

30 18. The process of claim 16 wherein said suitable solvent 
system includes a protic solvent. 

19. The process of claim 4 wherein said suitable base is 
selected from the group consisting of organic and inorganic 
bases. 

35 20. The process of claim 19 wherein said organic and 
inorganic bases are selected from the group consisting of 
alkali metals, alkali metal hydrides, alkali metal hydroxides, 
alkali metal alkoxides, phase transfer catalysts in conjunc- 
tion with a base source, amines, crown ethers in conjunction 

40 with a base source, alkyl magnesium halides, and mixtures 
thereof. 

21. The process of claim 4 wherein said base is selected 
from the group consisting of an arylammonium, 
alkylammonium, aryValkylammonium and alkyldiammo- 

45 nium salt in conjunction with a base source. 

22. The process of claim 4 wherein said nucleophilic 
compound is aniline and said azo containing compound is 
azobenzene. 

23. The process of claim 22 wherein said azobenzene 
50 introduced in Step (a) is produced by the oxidative coupling 

of aniline in the presence of a suitable base. 

24. The process of claim 22 wherein said reaction is 
conducted under aerobic conditions and said azobenzene is 
produced in- situ by the oxidative coupling of aniline in the 

55 presence of a suitable base. 

25. The process of claim 22 wherein said solvent is aniline 
and said base is selected from the group consisting of 
18-crown-6 ether in conjunction with potassium hydroxide 
or potassium t-butoxide, tetraalkylammonium hydroxide 

60 and alkyl substituted diammonium hydroxide. 

26. The process of claim 4 wherein said nucleophilic 
compound and said azo containing compound are reacted 
under aerobic conditions. 

27. The process of claim 4 wherein said nucleophilic 
65 compound is selected from the group consisting of aniline, 

substituted aniline derivatives, aliphatic amines or substi- 
tuted aliphatic amines derivatives having the formula 
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X* — — NH 2 , and amides and said azo containing com- 
pound are reacted under anaerobic conditions wherein R$ is 
selected from the group consisting of alkyl, aikenyl, 
cycloalkyl and cycloalkenyl groups and X is selected from 
the group consisting of hydrogen, halides, — N0 2) — NHj, 
aryl groups, alkoxy groups, sulfonate groups, — S0 3 H, 
—OH, — COH, — COOH, and alkyl, aryl, arylalkyl or 
alkylaryl groups containing at least one — NH 2 group 
wherein halides are selected from the group consisting of 
chloride, bromide and fluoride. 

28. The process of claim 4 wherein a desiccant is present 
during step (b) to control the amount of protic material 
present during the reaction of said nucleophilic compound 
and said azo containing compound. 

29. The process of claim 4 wherein a desiccant is present 
during step (c) to control the amount of protic material 
present during the reaction of said nucleophilic compound 
and said substituted aromatic azo compound. 
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30. Hie process of claim 4 wherein the amount of protic 
material in step (b) is controlled by the continuous distilla- 
tion of said protic material. 

31. The process of claim 30 wherein said protic material 
is water and said water is removed by continuous azeotropic 
distillation utilizing the water/aniline azeotrope. 

32. The process of claim 4 wherein said substituted 
aromatic amine is reductiveiy alkylated utilizing a com- 
pound selected from the group consisting of ketones and 
aldehydes. 

33. The process of claim 32 wherein said ketone is 
selected from the group consisting of acetone, 
methylisobutylketone, methy lis o amy Ike tone and 
2-octanone. 



